ABSTRACT: Spatial pattern and intensity of recruitment have substantial effects on adult community structure in some but not all marine systems. Such 'supply-side' effects have been relatively poorly studied in soft-sediment habitats because of the difficulty of sampling very small infaunal recruits. I investigated whether spatial patterns of infaunal recruitment along an estuarine gradient could account for the observed cline in adult diversity. On 9 occasions spread over 13 mo, cores of sterile sediment from 2 different sources were embedded in beaches along the estuarine axis of Puget Sound, Washington, and sampled 6 wk later for new recruits. Identities and abundances of recruits (mostly polychaetes and bivalves) varied among seasons, but differed little between sediments from different sources. Contrary to expectations, neither recruit richness nor abundance was lower at the southern (more estuarine) end of the gradient, where adult taxonomic diversity is low. For a number of taxa and time periods, recruitment was actually stronger at the southern beaches. Multivariate differences between assemblages of recruits and adults were much greater at the southern sites, indicating that post-recruitment processes at these sites modify diversity and abundance patterns initially established by recruitment. These processes could include predation on juveniles, adult -juvenile competition, or physiologically stressful abiotic conditions. KEY WORDS: Recruitment · Soft-sediment · Infauna · Estuarine · Supply-side · Polychaetes · Clams
INTRODUCTION
Marine ecologists continue to debate the conditions under which local communities are structured by temporal and spatial patterns of recruitment (supply-side) versus processes acting after recruitment. Patterns of recruitment can be influenced by abundance of propagules, currents that affect transport and dispersal, availability of habitat suitable for settlement, ability of propagules to access that habitat, and early postsettlement survival; all are likely to be important at some scales (Caley et al. 1996 , Fraschetti et al. 2002 , Navarrete et al. 2008 . Key factors affecting recruitment can differ along natural gradients in oceanographic conditions (e.g. upwelling regimes), physical stress, and predation pressure. In rocky habitats there are documented cases of the roles of both supply-side factors (Bellgrove et al. 1997 , Wing et al. 2003 ) and post-recruitment factors (reviewed in Caley et al. 1996 , Blanchette & Gaines 2007 , Freidenburg et al. 2007 , Rilov et al. 2008 . In soft sediments, including many habitats in estuaries, both larval supply and behavior and also later interactions can dictate community composition of adults (e.g. Olafsson et al. 1994 , Snelgrove & Butman 1994 , Lu & Wu 2007 , Thomsen et al. 2007 .
A feasible way to test for the role of recruitment limitation in structuring communities is to document patterns of recruitment and determine how well these match the variation in adult assemblages. In soft-sediment communities, local recruitment may be affected by grain size and sediment chemistry, which in turn can be influenced by resident organisms (e.g. Hockin 1982 , Snelgrove & Butman 1994 , Wu & Shin 1997 , Marinelli & Woodin 2004 , Beukema & Dekker 2005 . Polluted sediments may affect settlement (Lenihan et al. 2003 , Stark et al. 2004 , Lu & Wu 2006 , although it is difficult to distinguish this effect from early mortality. On larger scales, sites with good recruitment may be consistent from year to year, suggesting local flow regimes that allow larvae to disperse to those areas and settle out of the plankton effectively (reviewed in Olafsson et al. 1994 , Snelgrove & Butman 1994 , Fraschetti et al. 2002 , also Wu & Shin 1997 , Hunt et al. 2003 . Nevertheless, sites with consistently high recruitment do not necessarily have large adult populations, illustrating the intervention of post-recruitment mortality (Olafsson et al. 1994) . Predation on and bioturbation of larvae and juveniles can reduce abundance and impose new patterns on adult assemblages (e.g. Beukema & Dekker 2005 , Pillay et al. 2007 ); however, experiments on these processes are often confounded by cage artifacts (Peterson 1979) . Food subsidies for recruits are thought to affect growth more than survival (Peterson 1982 , Olafsson et al. 1994 , although food resource levels in surface sediments may affect both larval settlement behavior and subsequent survivorship. Abiotic factors such as sediment movement or physiologically stressful conditions can also affect survival (e.g. Labrune et al. 2007) .
Few field studies in soft sediments have quantified settlement per se (propagules reaching the bottom at a site) because of the difficulty of sampling very small infauna (Smith & Brumsickle 1989 , Hunt et al. 2003 , Reiss & Kroncke 2005 , so patterns of recruitment (which incorporates early post-settlement mortality) are typically assumed to be indicative of patterns of settlement. Distinguishing between these 2 processes is further complicated by the fact that infauna may be passively or actively redistributed after settlement. Waves and tidal currents, even in protected estuaries, erode juvenile clams and worms out of sediments and disperse them to other areas (Shull 1997 , Hunt et al. 2003 , Lundquist et al. 2004 , Negrello Filho et al. 2006 , Hunt et al. 2007 , St-Onge & Miron 2007 . This bedload transport may be actively used by mobile worms and by bivalves forming mucus threads (Sigurdsson et al. 1976 , Jennings & Hunt 2009 , and is especially important for species without planktonic development (Shull 1997) . In addition, adults or juveniles may redistribute themselves locally by simply crawling laterally through the sediment (Whitlatch et al. 1998 , Negrello Filho et al. 2006 .
Patterns of species diversity in soft sediments, like other aspects of community structure, may be controlled by variable recruitment or by subsequent processes. In estuaries, species diversity of soft-sediment benthic communities is consistently lower in the inner (less marine) portions, even in studies where substrate types and other factors are controlled (Dethier & Schoch 2005 , and references therein). Except for highly mobile nekton, for a marine species with dispersive propagules to be consistently absent in an area such as an inner estuary, there must be either continued failure of settlement or early mortality. The scale of a given pattern of distribution gives an indication of the possible mechanisms, e.g. predation on young recruits at a few sites versus mortality caused by low salinity in a whole region (Caley et al. 1996) . Similarly, lack of dispersal of propagules to an inner estuary because of circulation anomalies could cause a largescale diversity gradient.
Puget Sound, Washington, is a large fjordal estuary with physical gradients that are subtle relative to many estuaries (salinity ca. 4 psu lower and temperature ca. 2°C higher in nearshore waters in the inner Sound) (Dethier & Schoch 2005) . However, a striking diversity pattern exists among pebble-sand beaches along this extensive shoreline with much lower species richness at inner (southern) sites than at more marine (northern) sites, both for epibiota and for infauna (Dethier & Schoch 2005) . This diversity pattern is consistent from year to year (see 'Results') and is accompanied by a similar gradient in biomass (Dethier et al. 2010) . I hypothesized that this diversity pattern occurs because the inner parts of Puget Sound suffer annual failures in recruitment due to poor dispersal there or to presettlement mortality of larvae caused by the moreestuarine conditions in the water column. I tested this hypothesis by monitoring recruitment of infauna through the year at a range of beaches along the estuarine gradient.
MATERIALS AND METHODS
Infaunal recruitment was sampled at 3 of the 15 pebble-sand sites described in Dethier & Schoch (2005) , spanning 83 km of the north-south geographic gradient. These sites were located in the southern (Budd), south-central (Brown), and north-central (Carkeek; nearest the mouth of the estuary) regions of Puget Sound (Fig. 1) . Three beaches (North, Middle, and South) were sampled at each site.
Recruitment of invertebrates into experimental cylinders filled with sediment was quantified at ca. 6 wk intervals at all 9 beaches for 13 mo (9 dates between June 2005 and June 2006). Using this sampling interval, I was unable to distinguish actual settlement differences from very early post-settlement survival, but I attempted to control some sources of early mortality such as predation. Recruitment samplers were constructed of 1 mm mesh nylon window screening (cylinders 9 to 10 cm diameter and 15 cm tall, with a screen bottom attached with hot melt glue) that allowed normal pore water movement but limited access by infaunal predators. Cylinders were buried flush with the surrounding sediment at Mean Lower Low Water (MLLW), the same elevation used by Dethier & Schoch (2005) . To compare recruitment in sediment that might vary in grain size or chemistry, cylinders were filled with sediment collected from one of 2 sites: Brown North (where the surface sediment had more cobbles) and Budd North (which appeared finer) (Dethier & Schoch 2005) . In each case, the sediment was a mix of pebbles and sand, excluding pebbles > 3 cm in diameter; native macrofauna was killed by freezing. Per beach 5 replicate cylinders were used for each sediment type at the north and south sites (only Brown North sediment was used at Brown because of time limitations). Grain sizes at the 2 source areas were quantified in April, July, and December 2005; 5 samples of surface sediment (tõ 6 cm depth) were collected at MLLW at each beach, pebbles > 3 cm were removed, and the remainder was dry-sieved (Dethier et al. 2010) .
Recruitment into each cylinder was quantified 6 wk after emplacement by collecting 100 ml samples of surface sediment (ca. the top 2 cm) from each and replacing it with new defaunated sediment from the same frozen stocks. Samples were returned to the lab for processing. Each sample was added to 1.5 l of seawater and stirred rapidly to suspend small organisms, then poured quickly through a 100 µm mesh sieve (methods adapted from Shull 1997 , Hunt et al. 2003 . Remaining coarser sediments were washed through 2 mm and 1 mm sieves; contents of these were examined for heavier recruits (especially small clams) that were not suspended during stirring. Fine material (sediment and organisms retained on the 100 µm sieve) was washed gently into a 20 ml sample vial and preserved in 5% formalin.
To enumerate and identify smaller recruits, I decanted the formalin from the vials, stained the contents with Rose Bengal in seawater, and examined them under a dissecting microscope. 'Recruits' were defined as segmented worms, bivalves, and echinoderms 0.1 to 10 mm in length. I did not count highly mobile or larger organisms that likely had traveled into the cylinder from surrounding sediment (e.g. Nucella, nematodes, capitellids, all crustaceans). A few taxa (e.g. the archiannelid Nerilla, chrysopetalid polychaetes, the clam Rochefortia tumida) probably never grow >1 cm and thus might not all have been newly settled from the plankton. For these, I either only counted smaller individuals (e.g. Rochefortia < 4 mm) or omitted the taxon from comparisons with adult fauna. Some polychaetes could be identified to species (Appendix 1) but others only to family; most clams were identified to species (except for some individuals <1 mm, grouped as 'small clams').
To compare recruitment into experimental cylinders with that into unmanipulated sediment at nearby sites, I collected 5 similar 100 ml surface-sediment samples from MLLW at each of 3 beaches at 2 additional sites between Brown and Carkeek in June 2005 (Normandy and West; Fig. 1 ). Recruits were separated and enumerated in the same way, and compared with samples from the experimental beaches from the same month using multivariate analyses (described below).
To compare species and abundances of adults found in unmanipulated sediment with recruits found at the same beaches, I compared the assemblages of recruits from the cylinders (from June 2005 to June 2006, with abundances of each species or taxon averaged among the 9 samples) with adult assemblages sampled in June 2004 June , 2005 June , and 2006 . Adult infauna were sampled along transects at MLLW with 10 cores per beach (10 cm diameter, 15 cm deep) sieved to 2 mm (Dethier & Schoch 2005) ; smaller mesh sizes completely clog with this pebble-sand sediment type. To compare assemblages, I eliminated from the recruit database those taxa whose adults were smaller than 2 mm. Adult infauna were divided into the same taxonomic categories (e.g. polychaete families) used for recruits (Appendix 1). For 3 high-recruitment (summer) and 2 low-recruitment (fall-winter) months, split-plot ANOVAs (with main factors Sediment and Site, and with Beaches nested within Sites; Systat 9) were used to compare total abundances and taxon richness of infaunal recruits at Budd and Carkeek. Counts were (log+1) transformed if plotted residuals were skewed. For parameters with no significant Sediment effect, data from the 2 sediment sources were pooled and all 3 sites (including Brown, where only 1 type of sediment was used) were tested for Site and Beach effects. For some analyses, I also examined clam recruitment separately because clams were abundant, and some clam species are recreationally important. Multivariate analyses using PRIMER 6 and PERM-ANOVA examined spatial and temporal patterns of the whole recruit assemblage (square-root transformed abundances for each taxon), compared recruitment in natural and experimental sediment, and compared recruit assemblages with local adult assemblages.
RESULTS
In total, almost 16 000 recruits belonging to 56 taxa were found, dominated by polychaetes (48% of taxa, 68% of individuals) and bivalves (30% of taxa and individuals) (Appendix 1). Both richness ( Fig. 2a) and abundance ( Fig. 2b ) of recruits varied through the year; highest values occurred in the summer and early fall, following the late-spring plankton blooms that sustain many larvae (Strathmann 1987) . However, for some species such as the common clam Macoma inquinata, some recruitment (presence of clams < 2 mm) was seen year-round (data not shown). The June 2006 samples had fewer and less diverse recruits than the June 2005 samples (Fig. 2a,b) . Recruitment in most months was dominated by carnivores (primarily hesionids) (Fig. 2b , Appendix 1), suspension feeders (various clams), surfacedeposit-feeding Macoma clams, and subsurface deposit-feeders (especially the opheliid Armandia), with no apparent trophic pattern across seasons. No significant differences between sites or months were seen when recruits were categorized by larval longevity (data not shown). Most recruiting taxa appear to spend at least 1 to 2 wk in the plankton (Appendix 1), although time until settlement in the laboratory has only been quantified for a few of these local taxa (Strath- . For most of the taxa, the smallest size class (< 2 mm) was the most common (e.g. Fig. 2c ); adult sizes of these taxa range from 10 to >150 mm, so the counted individuals were either newly settled or young juveniles. For many taxa, early settlers as small as 1 mm were found (e.g. 8-setiger glycerids). In 2-way ANOVAs (for fixed factors Site and Sediment), sediment source (Budd vs. Brown) showed very few effects on richness or abundance of recruits, either for all taxa or for clams analyzed separately (2 marginally significant results in Table 1 ; June 2005 richness results in Fig. 3a) . However, significant Sediment × Site interactions were found for 2 parameters (Table 1) : recruit richness in January (when 'Brown' sediment had more taxa at Carkeek than 'Budd' sediment, but 'Budd' sediment had more taxa than 'Brown' sediment at Budd) and clam abundance in October (same pattern). I anticipated that the grain sizes in the Brown-source sediment would be coarser than the Budd-source sediment because wave energies are slightly higher at Brown, and there is more surface cobble (Dethier & Schoch 2005) ; however, grain sizes were very similar. Coarse sediment (small pebbles 1 to 30 mm) comprised ~17% of the total dry mass at each site. Of the fine fraction (<1 mm), both sites had ~80% by weight Phi 1 plus 2 (coarse to medium sand), with <1% fines and <1% organics.
Significant Site effects on recruitment were seen in only 4 of 16 analyses (2 others were marginally significant) ( Table 1) . Budd had higher values than Carkeek for richness of all recruits in August and for recruit abundance in August and October (Fig. 2a,b ). Carkeek had more clam species than Budd in October. In half the analyses there was a significant Beach (Site) effect, showing high beach-to-beach variation.
When Sediment treatments were pooled and the Brown beaches included for tests of an overall Site effect, for 8 of 13 variables and dates there were no significant differences among sites in abundance or richness of recruits or clam richness (Table 1e ). In the 5 analyses where there were differences, Budd always had the highest recruitment (e.g. Fig. 2a ) except for the number of clam species in October, when Carkeek had more clam species than Budd (3 to 4 clam species recruiting vs. 1 to 2 per cylinder at Budd, with Brown intermediate: Table  1e ). This general absence of the expected north-south pattern for recruit richness is visible in Fig. 3a , which illustrates June 2005 recruit richness for all the beaches, arranged from south to north. This figure includes recruitment data from native sediment from the 2 addi- tional sites sampled that month. A regression analysis of richness versus latitude gave an r 2 value of 0.04 (p = 0.41). Fig. 3b illustrates the contrasting recruit/adult richness patterns; it shows richness of recruits per beach over the whole year, and data for adult infaunal species richness in unmanipulated sediment (from June 2004 and pooled to the same taxonomic levels as the recruit data. Normandy and West recruit richness is low because these sites were only sampled in 1 mo rather than 9. Adult richness is clearly higher in the north; regressions of richness versus latitude had r 2 values of 0.51 (in 2004) and 0.62 (in 2005), both p < 0.001. There is no correlation between adult (2005 data) and recruit richness (r 2 < 0.01). Multivariate analyses of the assemblages of taxa recruiting into experimental cylinders (abundances of all species square-root transformed and with sediment types pooled) show substantial variation among sites and months (Fig. 4a) . Two-way ANOSIM analyses of these data show significant groupings both by Site (R = 0.80, p = 0.001) and Month (R = 0.72, p = 0.001). Similarities of recruits among sites within a month were fairly high in the summer and fall-winter, with June-August points clustered in the upper right of the plot and fall-winter points in the center. For example, most July samples were dominated by Armandia, hesionids, Platynereis, and Macoma inquinata, while most October samples had hesionids, Rochefortia, and Tellina modesta. Bray-Curtis similarities among sites within months (June to February) ranged from 53% to 62% (SIMPER routine). In the spring (April and May), however, sites had quite different recruit assemblages, as indicated by the scattering of those points in Fig. 4a , and similarities were only 41 to 46%. No beaches showed a cyclical pattern where spring 2006 assemblages became similar to spring 2005 assemblages (also seen in Fig. 2 ), as should have been the case if timing and extent of recruitment were predictable seasonally from year to year.
In June 2005, assemblages of taxa recruiting into unmanipulated sediment at the Normandy and West sites were similar to those in the experimental cylinders at nearby beaches (Fig. 4b) ; Normandy and West recruits grouped especially closely with those at Carkeek, just north of West (Fig. 1) . ANOSIM tests showed that the 5 sites differed overall in their assemblages of recruits (R = 0.53, p < 0.001), but not between native sediment samples (Normandy and West) and cylinder samples (R = 0.096, ns). Recruitment into the cylinders at Brown during that period was very low in abundance and diversity (e.g. Fig. 2a,b) , causing the Brown points to be outliers.
Multivariate analyses comparing infaunal assemblages (species and abundances) recruiting into cylinders versus those found as adults at each beach showed that overall, these assemblages were clearly different (Fig. 5, also Fig. 3b ). Similarities of adult assemblages (pooled into the same taxonomic categories as recruits) were relatively low among beaches (points) within a site (adult points for each site are broadly spread; similarities range from 38 to 58%, SIMPER analyses), and even lower among sites (27 to 45%). In contrast, similarities of recruit assemblages were relatively high both among beaches within a site (71 to 80%) and among sites (56 to 66%); all recruits points are clustered in Fig. 5 . A PERMANOVA test found a significant effect of Site (p = 0.001) and Treatment (Recruits vs. Adults: p = 0.001), and a significant interaction (p = 0.007) indicating that the similarities between recruits and adults depend upon the site. Recruit -adult similarity was very low at Budd (23%) (see the separation between Budd adults and recruits in Fig. 5 ) relatively close). Thus while all adult assemblages diverged from their local recruits, this divergence was most extreme at Budd and least extreme at Carkeek. Even when data were reduced to presence/absence per beach to eliminate differences in abundance, the same patterns visible in Fig. 5 remain (not illustrated). Table 2 lists the taxa contributing to the dissimilarities between recruits and adults for each site. Only a few taxa were represented mostly by adults and seldom by recruits, while many taxa were more common as recruits. At Budd, 9 taxa were seen as recruits but never as adults, at Brown 7 taxa, and at Carkeek none. Total abundances of recruits versus adults per core were compared for the 2 most common groups of organisms, polychaetes and clams (Fig. 6 ). Other taxa (echinoderms, phoronids, anemones) always averaged <1 individual per core in both datasets. As suggested by the multivariate analyses, the biggest changes in abundances from recruits to adults occurred at Budd beaches, which had very large numbers of recruits but low adult densities. At Brown and Carkeek, adult densities for both taxa tended to reflect recruit densities, with adult densities being particularly high at Carkeek beaches. 
DISCUSSION
Differential recruitment (settlement plus survival up to 6 wk post-settlement) among sites is not the cause of the estuarine clines in diversity and biomass seen in Puget Sound (Dethier & Schoch 2005 , Dethier et al. 2010 . Supply of both abundances and species richness of larvae appears to be as high or higher at the innerestuary sites (Figs. 2, 3 & 6, Table 1 ). If supply-side issues were limiting adult assemblages, the observed recruitment patterns should result in no diversity gradient along the estuarine gradient or even a pattern of higher diversity in the inner estuary. Taxa found recruiting were diverse (Appendix 1), of different lifehistory types and trophic categories. Only a few taxa that were present as adults in undisturbed assemblages were absent from the recruit samples, but many taxa of recruits were absent as adults.
Possibly, recruitment patterns over the sampled year were not typical, i.e. in other years recruitment might have been higher in the outer-estuary sites, thus generating the pattern seen in the adult infauna. This possibility might be especially likely if the infauna were all long-lived and thus retained distribution patterns established under different conditions, but that is not consistently the case for this fauna. Life histories of the infauna in these beaches are in many cases poorly understood but are likely diverse, ranging from polychaetes with high turnover rates to clams that live for several years. Species with high turnover rates such as the polychaete Armandia would be predicted to appear commonly as recruits, as was the case in the present study (Appendix 1), but might not persist to be common as adults. The qualitative or quantitative differences between assemblages of recruits and adults cannot be attributed to these life-history differences, however. At the northern (more marine) sites, all species seen as recruits (at any time during the year) were also seen as adults in at least 1 of the June samples. In contrast, at the more estuarine beaches, 8 polychaete and 1 bivalve taxa were found as recruits but never as adults. Multivariate analyses using presence/absence data, i.e. discounting abundance differences between recruits and adults that might arise in high-turnover taxa, still showed that the more estuarine sites suffered much greater loss of taxa to post-recruitment processes than did the more marine sites. A wide variety of benthic infaunal organisms thus recruit to beaches throughout Puget Sound, but many of them only persist in the north.
The experimental design controlled a number of potentially confounding variables. I anticipated that substrate differences (e.g. organic content, grain size) might be critical in larval settlement or very early survival for infauna, but sediment types were controlled by using common sediment sources. Adult -larvae interactions can also be important to recruitment, but this variable was largely controlled by the use of defaunated sediment and short time intervals. Very few large (>1 cm) organisms moved into the experimental cylinders, although the sizes of some of the recruits (e.g. small clams) suggested that they had drifted in as juveniles rather than settling in as larvae. While many juvenile infauna are highly mobile and thus may have settled elsewhere and crawled or drifted into the cylinders, this post-larval dispersal is unlikely to span more than hundreds of meters. Despite controlling sediment characteristics and using beaches within 3 km of each other as replicates, many analyses showed high beachto-beach variation. These among-beach differences could relate to local differences in flow (affecting settlement of larvae out of the plankton or drift of juveniles alongshore), or to uncontrolled variables such as porewater chemistry that deterred settlement behavior or caused mortality prior to the 6-wk collection intervals.
Examining the scales of variation in recruitment data can provide clues to controlling processes (Roegner et al. 2007 , Navarrete et al. 2008 . Patterns of temporal variation, such as the moderate consistency in the types and numbers of recruits seen at all sites on a given date (Fig. 4a) , suggest that the populations are quite open, with effective dispersal among sites tens of km apart (Thrush et al. 2008 ). This is not surprising given that most (at least 34 out of the 56 found) taxa apparently have larval stages lasting at least a week (Appendix 1), and strong local tidal currents should allow transit along much of Puget Sound's shoreline (Barnes & Ebbesmeyer 1978 , Moore et al. 2008 . It also suggests that any circulation anomalies caused by the underwater sill separating south and central Puget Sound (Dethier & Schoch 2005 , Babson et al. 2006 do not act as a barrier to dispersal, at least for these organisms.
For most recruitment parameters on most dates there were no spatial differences on a regional (among-site) scale (Table 1) , again suggesting that these are open populations. Where there were differences, however, their direction was for richness and abundance of infaunal recruitment to be higher in the inner estuary than the outer, with the central site intermediate. A possible explanation is that slightly reduced wave energy (Dethier & Schoch 2005) or increased retention of larvae in the inner, southern bays of Puget Sound (relative to the more open central and northern areas) provided better conditions for larvae to settle out of the plankton. Wu & Shin (1997) similarly found that among-site differences in recruitment to sterilized sediment were greater than among-sediment differences (sand vs. mud), and hypothesized that local availability of propagules was critical.
The composition of adult assemblages, however, is clearly responding to different processes than those controlling settlement or very early survival. Spatial patterns of variation in abundance and diversity of recruits did not persist to create matching patterns of variation in adults. The multivariate analyses showed that recruit assemblages are more similar to adult assemblages in the north than in the south, with central sites intermediate. In the period of growth between recruits (captured on 100 µm sieves) and adults (on 2 mm sieves), communities in the inner estuary, in particular, undergo considerable change -loss of species and reduction in abundances. Related research efforts suggest that growth rates per se are not lower in the south, and in fact are higher for some species (Ruesink unpubl. data). My results strongly implicate early selective mortality towards the southern/inner end of this estuarine gradient. Hypotheses about this mortality are under investigation. Logical alternatives include: adult -juvenile interactions, known to be especially important when adult assemblages include predators and deposit feeders (reviewed in Olafsson et al. 1994) ; pollution (possibly higher in the south, with more sources of pollutants and poorer circulation); and physical stresses. Unlike in many estuaries, the physical gradients in Puget Sound are relatively subtle, with mean salinities only varying by ca. 4 psu and mean temperatures by only 2°C (Dethier & Schoch 2005 , Dethier et al. 2010 , although local extremes may be greater. Ultimately, some combination of these factors, rather than recruitment limitation, must be responsible for the low richness, abundance, and biomass of intertidal infauna at the more estuarine end of this system. 
